Figure 1. Sucrose Gradient Fractionation of Human Chromatin
(A) MNase digestion of nuclei was used to produce chromatin fragments with a size of ‫02ف‬ kb. The soluble chromatin from the digest marked by an asterisk, was run on a 6-40% isokinetic sucrose gradient. For two chromatin fragments of equal length (kb) the more open/disordered fragment (top) will sediment slower than the more compact/rigid one (bottom) (B) The gradient was fractionated from top to bottom and the DNA purified from each fraction examined by agarose gel electrophoresis. (C) To isolate DNA fragments from the same fraction (sedimentation rate), but with different lengths (and thus different chromatin fiber conformations), DNA from a gradient fraction (asterisked in B) was size selected by PFGE. DNA was purified from a gel slice corresponding to the peak of EtBr staining (bulk chromatin). To represent "compact" chromatin, DNA was purified from a gel slice containing fragments ‫01ف‬ kb shorter than the EtBr peak. DNA from "open" chromatin was purified from a gel slice containing fragments ‫01ف‬ kb longer than bulk chromatin. compact fibers. We show that there is a link between is packaged into a more compact regular chromatin structure (Gilbert and Allan, 2001) , and slower if it is the structure of the chromatin fiber and higher-order levels of chromatin condensation in the nucleus. Chropackaged in fibers whose structure is interrupted by discontinuities that increase the frictional coefficient ( 
Sucrose Gradient Sedimentation of Chromatin Fibers from the Human Genome
To ensure that we were not preferentially releasing particular parts of the genome before loading onto the graChromatin fiber structures can be separated by sucrose gradient sedimentation (Kimura et al., 1983 ; Fisher and dient, total genomic DNA and DNA from the digested soluble (input) chromatin were hybridized by fluoresFelsenfeld, 1986; Gilbert and Allan, 2001; Kim and Clark, 2002) . Sedimentation rate is determined by the mass cence in situ hybridization (FISH) to metaphase chromosomes. In the presence of suppression of repeat hybrid-(DNA length and protein composition), and hydrodynamic shape (conformation) of the fiber. A given length ization by human CotI DNA, input chromatin and total genomic DNA hybridization signals along the euchroof DNA will sediment faster than bulk chromatin if it repeats. ␣-satellite is present at each centromere, blocks of satellites 1, 2, and 3 and the ␤-satellite are Therefore, all subsequent FISH data are from DNAs labeled with dUTP. present in juxtacentromeric blocks of heterochromatin (Tagarro et al., 1994; Shiels et al., 1997). To identify Digested chromatin was sedimented through an isokinetic sucrose gradient (6%-40%) (Noll and Noll, 1989).
regions of the human genome that are packaged into the most compact chromatin fibers, we isolated DNA The gradient was fractionated from top to bottom so that fractions contain chromatin fibers with progresfragments from a sucrose gradient fraction that were 5-10 kb shorter than those of the EtBr peak ( Figure 1C ). sively increased sedimentation rate. Each fraction will contain fibers of the same sedimentation rate, but will This DNA was hybridized to metaphase chromosome spreads (Figure 2 ). Without CotI suppression most consist of both DNA fragments of equal length with the same chromatin structure/compaction, as well as hybridization signal was at sites of constitutive heterochromatin (C-bands), each of the centromeres, and shorter and longer fragments in more rigid/compact, or more disordered/open chromatin fibers, respectively. juxta-centromeric heterochromatin at 1q12 and 9q12. Hybridization to C-bands at 16q11 and Yq was less To separate these we resolved the DNA fragments from a fraction according to their size, by agarose gel electroapparent ( Figure 2A ). Therefore some, but not all, human satellite repeats are enriched in compact chromatin phoresis ( Figure 1B) . The peak of ethidium bromide (EtBr) staining corresponds to sequences that were fibers. In the presence of excess CotI, to suppress repetitive packaged within fibers characteristic of the bulk genome. However, in each fraction there are smears of sequences, hybridization signal from the compact chromatin fraction was enriched in some euchromatic re-DNA fragments that are shorter or longer than those in gions ( Figure 2B) gene-poor HSA4 and 13 (Supplemental Table S1 Table S1 (Figure 2A) . However, there chromatin fiber structure are generally contiguous over Ͼ100 kb and extend over several genes ( Figure 6 ). The is more heterogeneity in the fiber structure of human heterochromatin than in the mouse. Neither 16q11, nor generally sharp transitions between "open" and "closed" chromatin suggest that there may be distinct boundaries the large block of heterochromatin at Yq12, hybridize well to compact chromatin (Figure 2A ). We were also between these two chromatin structures.
The only previous analysis of chromatin fiber structure Chromatin Structure, Genome Evolution, for vertebrate genes was at the chicken globin and ovaland Plasticity bumin loci (Kimura et company the induction of high levels of transcription.
Sucrose Gradient Sedimentation median ratio of all autosomal clones on the array. Any data points falling Ͼ2 standard deviations from the mean of color reversal experSoluble chromatin was fractionated using sucrose gradient sedimentation (Noll and Noll, 1989) in TEEP 80 (TEEP containing 80 mM iments were removed from subsequent analysis. Cytogenetic and map position of BACs on the microarray was established using the NaCl). 400 l soluble chromatin was loaded on to a 6%-40% isokinetic sucrose gradient and centrifuged at 4ЊC (41,000 rpm for 2.5 NCBI build 34 assembly of the human genome. hr in a SW41 rotor). 500 l fractions were collected from the gradient by upward displacement and the DNA was purified from them byBellard, M., Gannon, F., and Chambon, P. 
